This paper assesses how changes in the monetary policy rate transmit to the lending rates for the consumer, mortgage, SME, and corporate loans in the Czech Republic. It further examines whether this interest rate pass-through is stable or could vary at different levels of bank competition, leverage, non-performing loans, and foreign exchange (FX) interventions. Using the ARDL modelling approach, we find a significant and complete pass-through for SME lending rates. Significant structural shifts are estimated in the pass-through for mortgage and corporate rates. These shifts can be entirely or largely explained by bank deleveraging. We do not find any stable pass through for consumer lending rates. A greater spread between government bond and monetary policy rates increases the markup for all lending rates but corporate rates. FX interventions affected most the markups for corporate and SME rates; however, in a puzzling direction.
Introduction
The interest rate channel of monetary policy is one important channel through which the changes in the monetary policy rate affect the cost and volume of lending to the real economy, and thus the credit cycle, business cycle, and inflation. How effective this channel can be in each economy is an empirical question that is of great interest to central bankers (Peter Praet, 2016; Minouche Shafik, 2016 , William C. Dudley, 2017 . This paper assesses how the monetary policy rate affects the lending rates for the consumer, mortgage, small and medium enterprises (SME), and corporate loans in the Czech Republic. It further examines the stability of this interest rate pass-through, and whether it can vary at different levels of bank competition, bank leverage, borrower credit risk, and foreign exchange interventions. We also examine whether factors such as bank credit risk, bank competition, or foreign exchange interventions significantly influence the markup for lending rates over and above the monetary policy rate. Another possible determinant of the markup that we consider is the spread between the government bond yield and the monetary policy rate as a proxy for changes in the term premium and sovereign risk. We are not interested in modeling the term structure of interest rates and the term premium in a greater detail as in Mallick et al. (2017) , Brand et al. (2010) , or Piazzesi (2002) , among others. We are simply interested in estimating a reduced form model describing how the monetary policy rate transmits to lending rates in different market segments, while controlling for macrofinancial variables that could determine the lending rate markup and the strength of the pass-through itself. The spread between the government bond yield and the monetary policy rate, which controls for the effects of the term premium and sovereign risk, is one such macrofinancial variables. their consumer lending rates considering factors other than the monetary policy rate. Testing the stability of the baseline model specification reveals structural shifts in the estimated relationship for mortgage and corporate rates. For the mortgage rate, these structural shifts recede when we allow for a non-linearity in the monetary policy rate at different levels of the bank capital to asset ratio (an interaction term)-the passthrough to mortgage rate can thus change with the degree of bank leverage. For corporate rates, allowing for a similar nonlinearity helps lower the importance of the identified structural shifts (in 2007 and 2011) but they do not recede completely and stay significant. Nevertheless, the two structural shifts end up affecting only the markup over the monetary policy rate not the pass-through of the monetary policy rate to the corporate lending rate. Specifically, the average markup for corporate lending rates shifted up about 54 basis points with the onset of the GFC, and then down about 57 basis points in early 2011-around the time when the new Capital Requirement Directive (CRD III) for the European Union was adopted and helped decrease the uncertainty about future bank capital requirements. 5 As for the macro-financial determinants of the lending rate markups, the spread between the government bond yield and the monetary policy rate is the most prominent. The spread increases most the mortgage and consumer rates-for instance, a one percentage point increase in the spread increases mortgage rates by about 70 basis points depending on the model specification. The SME and corporate markups respond also positively to the growth in CNB's deposits at foreign banks (a proxy for FX interventions). However, this result is puzzling. It may suggest that funds that would normally be invested in the Czech economy were invested in the Czech korunas in the international markets shortening the supply of funds flowing into the Czech economy. This puzzling result needs to be confirmed and further examined by future research. 6 In addition, as banks were deleveraging they were systematically increasing the markup for SME lending rates. 5 https://web.archive.org/web/20130627202127/http://ec.europa.eu/internal_market/bank/regcapital/legislation_in_for ce_en.htm#maincontentSec5 6 Using percentage or log-log growth rates or normalizing the CNB deposits by prices did not change the result.
Our paper contributes to the interest rate pass-through literature in three ways: (i) To our knowledge we are the first, who test the efficiency of the pass-through in the Czech Republic during the zero lower bound period. (ii) We test the effect of unconventional monetary policy in the form of FX interventions on the pass-through. (iii) We examine how stable the pass-through is considering possible structural shifts, as well as a possible variation in the pass-through with the changing macrofinancial environment.
The rest of the paper is organized as follows. Section 2 reviews the literature. Section 3 presents the theoretical underpinning for the interest rate pass-through. Section 4 describes the data and basic statistics.
Section 5 describes the employed co-integration model and estimation method. Section 6 discusses the baseline estimation results. Section 7 tests for possible multiple structural breaks. Section 8 examines nonlinear dependence of the estimated pass-through on varying macrofinancial conditions. Section 9 performs additional tests of stability. Section 10 concludes.
Literature Review
The empirical literature estimating the interest rate pass-through typically uses either the cost of funds approach (Bondt, 2005; Hofmann, 2006; Bernhofer and van Treeck, 2013; Havránek et al., 2016) or the monetary policy approach (Mojon, 2000; Espinosa-Vega and Rebucci, 2004; Becker et al. (2012) ; Blot and Labondance, 2013; Holton and d'Acri, 2015) . The choice of the reference rate differentiates both methods.
The cost of fund approach follows the term structure of interest rates assigning each lending rate a market rate with comparable maturity. In contrast, the monetary policy approach uses the main monetary policy rate (sometimes approximated by the short-term money market rate) as the reference rate for the passthrough to all lending rates. In this paper, we follow the monetary policy approach because we are interested in how both the short-and long-term lending rates respond to changes in the monetary policy rate. Rousseas (1985) proposed a simple theoretical model for interest rate pass-through based on the marginal cost theory. Assuming perfect competitive markets, bank lending rates would change one-to-one with the monetary policy rate (the cost of funding) and one would speak about a complete pass-through.
However, this assumption is often violated in practice because the banking and financial market structures show rather monopolistically competitive or even oligopolistic behaviors. Therefore, an incomplete passthrough could be expected. Considering the modelling approach, numerous papers examine interest rate pass-through using just a reference rate as an explanatory variable (Jobst and Kwapil, 2008; Holmes et al., 2015; Bernhofer and van Treeck, 2013) . In contrast, numerous other papers acknowledge that the lending rate markup and interest rate pass-through depend on various market conditions and not just on the monetary policy stance. Hence, they include more control variables ( Gambacorta et al., 2015; Sander and Kleimeier, 2006; Eller and Reininger, 2016) .
The most commonly used co-determinant of interest rate pass-through is probably bank competition.
For instance, van Leuvensteijn et al. (2013) and Mojon (2000) find, using different measures of bank competition, that the pass-through is faster and more complete at higher levels of bank competition. In addition, Cottarelli and Kourelis (1994) , Mester and Saunders (1995) , Mojon (2000) , Bondt (2005) point also to other market factors distorting the pass-through such as the non-elastic loan demand, as well as the existence of asymmetric information, menu costs, and switching costs.
Other co-determinants of the pass-through involve bank characteristics such as bank assets, the leverage ratio, capital buffer, and the liquidity ratio, among others (Horváth and Podpiera, 2012; Holton and d'Acri, 2015; Havránek et al., 2016; Kapuściński and Stanislawska, 2018 Overall, the empirical evidence on interest rate pass-through varies. Some studies find complete, other studies incomplete pass-through in different country contexts (Wang and Lee, 2009; Haughton and Iglesias, 2012) . The evidence varies also for the EU countries and their different types of loans (Hofmann, 2006; Sorensen and Werner, 2006; Égert et al., 2007; van Leuvensteijn et al., 2013; Belke et al., 2013; Holton and d'Acri, 2015) . For instance, while Rocha (2012) finds a strong pass-through from money market rates to general lending rates in Portugal, Hofmann (2006) finds such pass-through to be weak in Germany. For different types of loans in the Eurozone, Sorensen and Werner (2006) detect a higher interest rate passthrough for mortgage rates and a lower one for consumer loan rates. In contrast, Belke et al. (2013) and Mojon (2000) find that, for Eurozone countries, short-term lending rates could show a stronger pass-through than mortgage rates.
The onset of the global financial crisis and the resulting policy and market adjustments are generally seen to have weaken the interest rate pass-through. Gambacorta et al. (2015) use a cointegration model to examine the long-run relationship between money market rates and bank lending rates in Italy, Spain, the UK, and the US. They find a weakening pass-through in the post GFC period that could be associated with the heightened uncertainty and perception of risk. Hristov et al. (2014) analyze the interest rate pass-through in the Eurozone countries using panel VAR and DSGE models. They find that weaker pass-through in the aftermath of GFC is caused by higher distress of the banking sector. Aristei and Gallo (2014) show a weakened degree of the pass-through during the crisis period using a Markov-switching VAR model. In contrast, Borstel et al. (2016) use factor-augmented (FA)VAR framework and conclude that the GFC has changed only the composition of the interest rate pass-through but not the magnitude of the pass-through.
The post GFC period has challenged monetary policy implementation in many countries because of the generally low interest rate environment. Several countries thus used foreign exchange interventions as an unconventional monetary policy. Lízal and Schwarz (2013) pointed out that FX interventions are highly effective for small open economies such as the Czech Republic when the use of traditional operational tools (such as the repo rate) is no longer an option. They explain that the exchange rate pass-through to inflation might be even larger in binding conditions (ZLB on interest rates) because the import price channel and the real interest rate channel work in the same directions. Therefore, for the Czech Republic, the use of FX interventions is a reasonable choice considering the "unlimited" capability of the CNB to buy foreign assets. was effective only to a limited extent (Iwata and Wu, 2012) . In particular, the impact of the FX interventions on the pass-through to retail lending rates in a low interest rate environment has not been examined by the empirical literature. This paper helps fill this gap.
For the Czech Republic, to our knowledge, only two papers estimate the interest rate pass-through.
Horváth and Podpiera (2012) detect fast and almost complete pass-through for the mortgages and firm lending rates using the pooled mean group estimation approach. They emphasize that factors such as bank asset size, capital, amount of deposits, and credit risk affect the pass-through. The study, however, does not cover much of the post GFC period. 7 Havránek et al. (2016) analyze the interest rate pass-through in the Czech Republic during . They find a weaker interest rate pass-through for corporate lending rates and stronger for mortgage lending rates after the onset of the GFC. Nevertheless, the interest rate passthrough and its effectiveness in the Czech Republic remain under-researched and this paper helps close this gap.
Our paper differs from the one by Havránek et al. (2016) in several ways. First, we study the passthrough from the monetary policy rate to lending rates and do not assume a perfect correlation between the money market rate (or the CZEONIA rate) and the two-week repo rate (the monetary policy instrument).
We contribute to Havránek et al. and In addition, we test for possible non-linear dependence of the pass through on varying macroeconomic conditions.
Andries and Billon (2016) provide a useful survey of the interest rate pass through literature and the challenges it faces. The study discusses, among others, the issues of non-linear pass-through in particular issues with an asymmetric pass-through. Wang and Lee (2009) and Haughton and Iglesias (2012) are example studies that use threshold autoregressive (TAR) models and models of conditional heteroscedasticity to estimate possible asymmetry in the interest rate pass-through. Asymmetric adjustments are a type of non-linearity that the interest rate pass-through can exhibit and policy maker may need to account for. Other types of non-linearities dependent on the state of the economy-for instance, business or credit cycle, bank competition, bank leverage-are equally interesting and important to policy makers. In addition to the models used by Wang and Lee (2009) and Haughton and Iglesias (2012) , other statistical approaches could be considered to examine asymmetries, including regimes shifts within, for instance, Markov-switching models (Aristei and Gallo, 2014) . Along these advance statistical approaches to examine possible non-linearities in the pass through, a more structural approaches could be applied to provide complementary empirical insights that can be equally important to policymakers. To our knowledge, the structural approach to assessing non-linearity in the pass-through has not been explored much in the existing research. Our paper takes this avenue to help fill the possible gap and inform policy makers about changing pass-through at different levels of macrofinancial determinants using interactive regression terms. Rousseas (1985) defines a simple markup equation for commercial banks to describe the interest rate pass-through process:
Theoretical Motivation
where lr is the bank lending rate, k is a markup function reflecting the degree of monopoly or market power exercised by individual bank or, in aggregate, by the banking industry as a whole. And u is the unit prime or variable costs incurred by banks, basically the interest paid on deposits and borrowed funds. Growing market power or growing prime costs of the bank lead to an increase in bank lending rates. Since the banking market structure is not perfectly competitive, one can assume a permanent markup over the bank costs of funds for lending rates. Assuming a constant mark-up, equation (1) could be written in a linear form as:
where is the markup over the bank cost of funds and is a degree of the pass-through from the bank cost of funds to its lending rate. Rousseas (1985) suggests approximating the cost of funds with the monetary policy rate. 9 Hence, changes in the main monetary policy rate can determine bank lending rates. Moreover, note that the spread can comprise both constant and time-varying components. The latter component considers the possibility that the bank market structure, bank conditions, and other macrofinancial conditions, which determine the markup, could vary over-time:
Failing to account for the possible time-varying component of the spread, 2, , could bias the estimate.
Synthesizing the existing literature, 2, is determined by vector including macro-financial factors such as bank competition 10 , credit risk premium 11 , and the alternative return from investing in government bonds 12,13 :
We discussed the effect of bank competition on the pass-through earlier as part of the Rousseas (1985) model. Therefore, we proceed with discussing the effect of credit risk. The credit risk arises on both the borrower side and the bank side. On the bank side, credit risk could be measured as capital to assets ratiothe bank leverage (Chileshe and Akanbi, 2016) .
On the borrower side, the credit risk is mostly related to the problem of asymmetrical information.
Since commercial banks cannot easily distinguish between creditworthy borrowers and risky borrowers, they must assume default of some loans. The probability of loan default may rise when the lending rate increases. Stiglitz and Weiss (1981) differentiate two effects connected to imperfect information: (i) the adverse selection effect, and (ii) the incentive (moral hazard) effect. The adverse selection effect describes the situation when growing interest rates push out safer but less profitable loans, and, in contrast, attract riskier projects with higher expected returns. Therefore, with growing interest rates commercial banks face a challenging situation when they must decide which borrower is more likely to repay its debt. The incentive 10 van Leuvensteijn et al. (2013) , Leroy and Luccote (2015) , Chileshe and Akanbi (2016) . 11 Gambacorta et al. (2015) , Bondt (2005) , Mihaylov (2016), Grigoli and Mota (2017) , Chileshe and Akanbi (2016) . 12 Holton and d'Acri (2015), Cifarelli and Paladino (2016) . 13 For instance, this paper includes in vector foreign exchange interventions as an unconventional monetary policy tool.
(moral hazard) effect concerns the borrower investment decision. Higher lending rates force the borrower to invest in riskier projects to obtain higher returns. Therefore, safer projects are pushed out by more profitable but riskier projects.
These two effects can make banks unwilling to further increase the lending rate after reaching its optimal level because of the increasing probability of default (credit rationing). This situation leads to upward stickiness of lending rates. However, as Bondt (2005) pointed out, banks do not have to ration credit. Instead, they can increase the risk premium on loans. This bank strategy could result in overestimating of the retail rate pass-through ( > 1). To avoid this possible bias, we control for the borrower credit risk by adding the non-performing loans ratio in vector .
Further, when the interest rates are at zero lower bound (ZLB), the credit risk could play a different role. In the post-crisis environment, banks usually tighten their lending standards and even though the monetary policy is eased, the supply of loans is restricted (Altavilla et al., 2015; Bijsterbosch and Falagiarda, 2014; and Plašil et al., 2012) . Moreover, right after the crisis banks typically evaluate new loans with a greater risk premium. This, in turn, leads to a downward stickiness in the lending rates.
Using government bonds as an alternative asset to loans may shift bank decision from commercial lending to governments lending, especially in the post GFC period. The alternative return from investing in government bonds is reflected by the spread between the government bond yield and the repo rate. It captures the impact of fiscal policy and time varying sovereign risk, as well as the expectations about the future path of short-term rates and the term premium, which further affect the setting of long-term lending rates (Hofmann and Mizen, 2004) . 14 Lastly, after 2008, the monetary conditions in the Czech Republic eased markedly, with the repo rate hitting the ZLB. The CNB started using foreign exchange interventions as an alternative monetary policy tool as of November 2013 to manage the business cycle and inflation. 15 In this situation, the monetary policy may experience less effective transmission mechanism, especially during economic recovery (Borio and Hofmann, 2017) . Therefore, we further examine whether the pass-through environment changed significantly with the greater use of FX interventions.
Data
We use monthly data from January 2004 to November 2017 from the CNB's ARAD database. 16 Data series and their sources are in the appendix (table A1) . We examine the pass-through to four different lending rates: The consumer loan rate (LRCONS), mortgage loan rate (LRMORT), small corporate loan rate (LRSME), and large corporate loan rate (LRCORP). Small corporate loan rates are defined as lending rates on loans up to 30 million CZK granted to non-financial corporations, while large corporate loan rates are lending rates on loans over 30 million CZK granted to non-financial corporations. For the monetary policy reference rate, we use the two-week repo rate (MPR). Figure 1 shows that lending rates appear to co-move together, except for the consumer loan rate, which does not exhibit a visible relationship with the repo rate. Therefore, consumer loan rates could have been influenced by other factors than the remaining lending rates. The corporate loan rate appears to co-move with the repo rate most closely, especially before 2009. Mortgage and SME loan rates seem to have reacted much less to the sharp decrease of the repo rate over . Nevertheless, both rates still follow a decreasing trend of the repo rate until the end of our sample period. In 2012, the CNB has further lowered the main monetary policy rate to its ZLB level. While the corporate loan rates promptly reacted to this move, other rates responded less and with a delay.
[ Figure 1 about here] 15 The . Numerous studies emphasize the influence of bank leverage on commercial lending (Bernanke and Gertler, 1995; Kishan and Opiela, 2000; Ciccarelli et al., 2015) . Therefore, we control for the possible effect of bank capitalization on bank lending rates as well.
[ Figure 3 about here]
The spread between the government bond yield and the repo rate (SPREAD_GBYREPO), which we use to control for the term premium, sovereign risk, and the alternative cost of investing in government bonds rather than lending to the private sector, is shown in figure 4 [ Figure 4 about here]
The summary statistics (table A2) show that, on average, banks charge the highest rates on consumer loans and the lowest rates on corporate loans. Correspondingly, the average NPLR (the borrower credit risk) is also the highest for consumer loans. The least risky loans seem to be the mortgage loans, followed by the corporate loans.
We perform a cross correlation test between variables in first differences ( We test the degree of integration for the employed time series using three different unit root tests (table   A4) . First, we perform the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests, where the null hypothesis confirms the existence of a unit root. For robustness, we use the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test, which has an opposite null hypothesis (the time series is stationary). The results of ADF and PP tests show that the mortgage lending rate could be stationary in levels. However, we could not confirm this result with the KPSS test. All other time series are integrated to order one, I(1). Therefore, we treat all variables, including the mortgage rate as integrated to order one for the purpose of our analysis.
In addition, we report the results of unit root tests with a possible structural break (table A5 in the appendix). Although the tests identify breaks in the individual time series, we are more interested in whether the structural break(s) occurred in the studied multivariate relationship among the considered variables.
Therefore, section 7 performs multi-variate tests of stability for the estimated relationships.
Estimation Methodology
We employ the Autoregressive Distributed Lag (ARDL) model by Pesaran and Shin (1999) First, we define the long-run co-integration relationship based on equations (1) and (2) as:
where is the bank lending rate, 1 is the estimated constant, which represents the long term markup between the repo rate and the bank lending rate, is the coefficient of long-run pass-through, is the repo rate, is the estimated vector of coefficients on the control variables , and is the error term.
Estimated equaling to one would indicate a complete pass-through. In contrast, estimated smaller than one would indicate incomplete pass-through, and higher than one would indicate an overshooting of the lending rate. The vector of control variables, , includes, the risk premium component comprising the , the ratio of non-performing loans to total loans for the respective loan segment, and , the ratio of bank capital to total bank assets. The vector further contains, _ , the spread between the government bond yield and the repo rate, , the log-log difference of Herfindahl-Hirschman index of bank lending concentration, and , the log-log difference of CNB's deposits in foreign banks measuring the size of FX interventions. In addition, we control for a possible time trend in the estimation.
To simplify the exposition of the ARDL estimation method, let us assume the ARDL (1,0,0) 18 :
Hence, the error correction model (ECM) can be written as follow: 19
short run dynamics long run relationship
The ECM equation (equation 7) displays the short run dynamics (terms with delta symbol) as well as long run relationship (terms in parenthesis). The coefficient represents the speed of adjustment toward the long-run equilibrium. Since we assume return of lending rates to their equilibrium level, the coefficient is expected to be negative and significant. In general, higher (in absolute terms) means a faster adjustment of lending rates, and thus more efficient pricing of the rates.
To confirm the existing cointegration relationship between variables, we use the Bound test proposed by Pesaran et al. (2001) . It allows us to compare the estimated F-statistic value with border critical values 18 Numbers in parentheses show lag length structure. In our estimation, we use the Schwarz criterion (SC) to select an appropriate lag structure of endogenous variables in each ARDL model. 19 Similar specifications with a set of conditioning variables were used, for instance, by Leroy and Luccote (2015) , Gambacorta et al. (2015) , Grigoli and Mota (2017) , Chileshe and Akanbi (2016) , Holton and d'Acri (2015) .
for I(0) and I(1) time series. If the estimated value of the F-statistic is higher than the upper bound value provided by Pesaran et al. (2001) , then we can confirm the cointegration relationship.
Estimation Results for Baseline Specification
We estimate the pass-through and its determinants for four different types of lending rates: The consumer loan rate, mortgage loan rate, small corporate (SME) loan rate, and large corporate loan rate. The estimation results are reported in table 1. We show both the long-run relationship and the short-run dynamics of the estimated relationship for lending rates.
The results suggest that according to the ARDL Bounds test we cannot confirm a long-run relationship for consumer lending rates. Nevertheless, mortgage, SME, and corporate rates co-move with the repo rate, suggesting a complete pass-through in the long run. In the short run, the mortgage rate showed the weakest pass-through and speed of adjustment to the equilibrium. The short-run pass-through to SME and corporate rates is much stronger. Namely, using equation 7, the estimates suggest that banks transmit 45 and 34 percent of the change in the repo rate into their SME and corporate rates in the following period (month).
The borrower credit risk (NPLR) significantly increases the lending rate premiums over the repo rate only for the consumer rate. In contrast, the bank credit risk measured by the capital to assets ratio affects only the SME rate. Less leveraged banks extended riskier SME loans with proportionately higher rates than did the more leveraged banks. Interestingly, bank credit risk did not have significant impact on the mortgage rate and corporate rate. For the mortgage rate, it is perhaps due to low risk perception of the real estate market and the dominant collateralizing with primary residence. For the corporate rate, it may be due to a reduced supply of loans in the post-2008 period together with a crowding out effect of government bonds, which pushed riskier corporate loans from the market.
The spread between the government bond yield and the repo rate has a significant effect on all lending rates. The effect is stronger for loans to households than loans to enterprises. This result could suggest that the term premium and/or sovereign risk could affect households more than enterprises. While the spread affects all lending rates, bank lending concentration, our control proxy for bank competition, does not affect any of our lending rates when controlling for other macro-financial determinants. Loan rates for mortgages and corporations show significant trends over time on top of the one followed by the monetary policy rate and all other variables covered in vector . The time trend has mildly positive slope for both rates. One explanation of the mild trends could be a possible shift in the respective interest rate spreads (gradual repricing of risk) and the underlying relationships after the GFC that indirectly affected also the financial sector behavior in the Czech Republic.
[ Table 1 about here]
Testing for Possible Structural Shifts (Breaks)
The last decade in the Czech Republic and whole Europe has been characterized by lower stability or instability, respectively. Hence, we perform several tests of multiple breakpoints to identify any possible structural breaks in our estimated baseline model. We consider four different tests for multiple unknown breakpoints. Two of them use the global optimization procedure and other two use the sequential procedure Perron (2006) . The results of all tests are shown in table 2.
[ Table 2 about here]
The estimated models for consumer and SME lending rates seem to be stable and we could not confirm any structural breaks. For mortgage and corporate lending rates, however, the tests detect mostly two breakpoints. We choose the Bai-Perron (1998) test with globally determined breaks as our preferred test because, according to Perron (2006) , it performs better than sequential tests in determining multiple structural shifts. 
where the _1 and _2 are specified for each lending rate as shown in table 3.
[ Table 3 about here]
We re-estimate the model using the ARDL approach.
[ Table 4 about here]
The results show, that the pass-through to mortgage rates dropped significantly after 2014 and turned out to be negative. Thus, in response to the MPR reaching the zero lower bound, the pass-through to mortgage rates fell practically to zero. In contrast, the pass-through to corporate lending rates is not showing any structural shifts. Specifically, while the 2014 dummy variable significantly affects the size of the passthrough for mortgage rates-the respective interactive term is statistically significant at the 1 percent level-the dummy variables in model for corporate rates are insignificant in interaction with the MPR.
However, the two dummies affect the conditional mean of the corporate lending rate, indicating structural shifts in the markup function. In the first case, August 2007, the expectations about a possible global financial crisis led to an increase of the corporate lending rate (its markup) by 1 percentage point. In the second case, January 2011, the situation was reversed and the average markup dropped down by 0.8 percentage point around the time when the new Capital Requirement Directive (CRD III) for the European Union was adopted and helped decrease the uncertainty about future bank capital requirements.
In the short-run, estimates support the long-run results for corporate rates. They confirm stable passthrough and significant effect of both dummy variables on corporate lending rates (markups). For mortgages, the 2014 dummy variable no longer affects the size of the pass-through, but directly the lending rate markup.
Turning to the control variables, we register only mild differences in estimation results compared with our baseline model estimates. First, with the inclusion of the shift dummy variables, the effect of the spread between the government bond yield and the repo rate becomes insignificant for corporate lending rates. In contrast, the effect of NPLR turns out to be significant-indicating that banks could increase the markup (charge a higher risk premium) on corporate loans to cover increasing expected loses when NPLR for corporations rises.
Interestingly, with the inclusion of the shift dummies, the speeds of adjustment (pricing efficiency) increased for all lending rates. While the speed of adjustment for the mortgage rates increased only modestly, the one for corporate rates doubled.
Non-linear Effects
To test whether the individual variables in our vector affect both the average markup and the passthrough from monetary policy rate, we specify the model to include the following interaction terms:
where • represents the interactions of all variables in vector with the monetary policy rate. We test the significance of the interaction terms one by one. If the interaction term is jointly significant with the corresponding explanatory variable, we include the term into the final model specification. The final estimated models are shown in table 5.
[ Table 5 about here]
According to the results, we cannot confirm any non-linear effect for consumer and SME lending rates.
For these two rates, we return back to the baseline specification for our final model estimation. For the other two rates on mortgages and corporate loans, we find significant negative effects of an interaction between the monetary policy rate (MPR) and capital to assets ratio (CAPTOASSETS) on the respective lending rates.
The total size of the interest rate pass-through may by calculated according to the following equation:
where shows the mean pass-through (MPR coefficient), 2 represents the coefficient of the interaction term ( • ), and average captoassets is the unconditional sample mean of the capital to assets ratio (see the Summary statistics in table A4).
According to equation 10, we calculate the pass-through for mortgage rates to equal 0.56, and for corporate rates to equal 0.5, when the pass through is allowed to vary with the degree of bank leverage. The results demonstrate a significant decline of the pass-through compared with the baseline estimation for periods when bank leverage fell to or below its sample mean value. Therefore, deleveraging of the banking sector has significantly reduced the strength of the pass-through from the monetary policy rate to mortgage and corporate lending rates. Presumably, higher capital requirements imposed by the incoming BASEL III regulatory framework have pushed banks to enforce tighter lending standards, which have interacted with the efficiency of the monetary transmission mechanism. Specifically, banks at higher lending standards might have been forced to reduce their lending activity to maintain an adequate capital ratio, which decreased the sensitivity of their lending rates to changes in the monetary policy rate.
Considering An interesting hypothesis to test next is whether the interaction between the capital to assets ratio and the monetary policy rate could explain the structural breaks estimated earlier using the shift dummies.
Hence, we again test for possible multiple breaks for the estimated models specified in equation 9.
[ Table 6 about here]
The multiple breakpoint tests do not reveal any structural changes for the mortgage lending rate. This result suggests that the process of deleveraging caused the break in the pass-through for the mortgage lending rate. For the corporate lending rate, we mostly confirm zero breaks as well. However, when using a different statistic than F-test, two breakpoints are indicated by the Bai-Perron test. Therefore, we estimate yet another model for the corporate lending rate including both dummy variables together with the interaction term for the monetary policy rate and the capital to assets ratio. The equation is specified as follows:
(11) Table 7 shows the estimation results. The interactive term and both dummies turn out to be significant.
However, the size of the coefficients for both dummy variables decreased almost by half. This result suggests that the capital to assets ratio partly, but not fully, explains the structural shifts in the pass through for the corporate loans. Using equation 10, we determine the size of the interest rate pass-through to be 0.57, which is similar to the results of the model with interaction terms only. Therefore, increasing capital ratios (deleveraging) is mostly responsible for the reduced pass-through to corporate lending rates.
Lastly, we confirm the significant effect of the NPL ratio and FX interventions-measured as central bank deposits in foreign banks. Both results are robust, holding throughout all extended specifications.
[ Table 7 about here]
Further Tests of Stability
We further test the stability of the best-fitting models using rolling regressions to gain insights into the sample dynamics of the estimated pass-through. We roll through the sample (January 2004 -November 2017) using a fixed window of 75 observations and the step size set to one. Doing this, we get 92 estimated time-varying coefficients of the interest rate pass-through. We plot their dynamics over time and compare it to the estimated mean and confidence intervals for the entire sample. Figure 5 plots the estimated rolling pass-through for each market segment.
[ Figure 5 about here]
The rolling pass-through for the consumer lending rate shows two major drops into the negative territory (figure 5, top left panel). Recall that we could not confirm any cointegration relationship between the repo rate and consumer loans rate. The rolling estimates could thus simply reflect the overall instability of the pass-through for consumer rates. For the mortgage lending rates, the rolling pass-through shows a small drop followed by a sharp increase in 2011. As of 2012, the rolling coefficient gradually declines reaching a zero pass-through by 2016 ( figure 5, top right panel) .
The SME rolling pass-through exhibits the highest stability over time ( figure 5, bottom left panel) . The moderate decline in 2012-14 is promptly reversed. By the end of 2015 and at the beginning of 2016, the SME rolling coefficient falls rapidly, reducing the pass-through efficiency by half. The rolling coefficient for corporate loans follows a similar trend as the rolling coefficient for mortgages (figure 5, bottom right panel). In this case, the plot shows a continuous decline of the pass-through starting at the end of 2011 followed by a deep sudden fall to zero at the beginning of 2015. By the end of the estimation period, the rolling pass-through partly recovers and returns into the wider confidence band.
Overall, the rolling pass-through for mortgage and corporate lending rates indicate that, after 2012-13, the interest rate channel of monetary policy becomes unstable. According to our previous estimations, the instability could be partly related to the deleveraging of the Czech banking sector. To gain further insight, figure 6 plots the rolling pass-through against the rolling mean of the capital to assets ratio. The figure illustrates the opposite trends in the rolling pass-through and average capital to asset ratio for mortgage and corporate rates corroborating our estimation results with interaction terms. An increasing capital to assets ratio has, on average, restrained the strength of the pass-through.
[ Figure 6 about here]
In addition, we estimate the rolling coefficients for the spread between the government bond rate and the monetary policy rate. This spread could capture the effects of a changing term premium and sovereign risk on the markup for different lending rates. We have previously estimated that this spread significantly influences the markups for all rates-perhaps apart from the corporate lending rates when considering the model specification with interactive terms. For SME and corporate rates, the respective rolling coefficients are estimated to be more stable than for consumer and mortgage rates (figure A1 in the appendix).
We also perform the CUSUM test for our best-fitting models: The baseline model for consumer and SME lending rates, the model with interaction terms for mortgages, and the model with interaction terms and breakpoint dummies for the corporate lending rates. The CUSUM tests and the CUSUM of squares tests are plotted in figures A2 and A3 in the appendix. Both tests confirm that our models are overall stable in their parameters, except the consumer lending rate model. Recall that, for consumer lending rates, we could not confirm any long-run cointegration relationship.
Conclusion
This paper examined how changes in the monetary policy rate affected the lending rates for consumer, mortgage, SME, and corporate loans in the Czech Republic from January 2004 to November 2017. To this end, we controlled for changing macro-financial factors that could affect the lending rate markup and possibly the pass-through as well. Moreover, we tested whether the interest rate pass-through is stable or depends on the level of bank competition, bank leverage, borrower credit risk, and the use of FX interventions.
Using the ARDL modelling approach, we found a stable long-run interest rate pass-through for mortgages, SME, and corporate lending rates. With no model specification could we confirm a stable passthrough from the monetary policy rate to consumer lending rates. The most important determinant of the markup across all considered lending rates is the spread between the government bond rate and the monetary policy rate, which captures the influence of a changing term premium and sovereign risk. The increasing spread raises the lending rate markup more for the mortgage and consumer rates than for the SME and corporate rates. The markup for SME and corporate rates is also significantly influenced by the level of CNB foreign currency deposits abroad-our proxy of FX interventions-however, in a puzzling direction.
One explanation could be that rising CNB deposits abroad and the foreign currency investments in Czech korunas might not have increased the supply of funds in the Czech economy if these koruna investments stayed abroad. Moreover, the funds that would otherwise flow into the Czech economy stayed invested (in the korunas) abroad. In addition, the SME markup increases when the capital to assets ratio rises and banks deleverage.
Testing the stability of the estimated models, we found significant structural shifts in the models of interest rate pass-through for the mortgage and corporate lending rates. For the mortgage rate, these structural shifts can be fully explained and the model stabilized by allowing the pass-through to vary with different levels of bank leverage. For the corporate rates, allowing a similar interaction can explain much of the structural shifts but not all of them. Namely, the markup for corporate rates experienced two structural shifts in 2007-an increasing markup after the onset of the global financial crisis-and in 2011-a declining markup around the adoption to new CRD III for the EU. For both the mortgage and corporate rates, we found that when banks, in their deleveraging, reached the sample mean of the capital to assets ratio, the pass-through fell to about 0.5, indicating much smaller influence of monetary policy over the pricing of mortgages and corporate loans.
To gain further insights into the stability of the estimated pass through, we estimated the rolling passthrough for each lending market segment. These rolling pass-through coefficients indicated a greater stability of the pass-through to SME rates than to corporate and mortgage rates. The most volatile rolling pass-through estimated for the consumer rates reflects the overall instability and lacking cointegration for these rates. While all rolling pass-through coefficients decline at the end of the sample period, the declines are more pronounced for mortgage and corporate rates than for the SME rate. They reflect the role of declining leverage and increasing ratios of capital to assets. ARDL Bounds Test 6.2915 [2. 14 -3.3] Notes: ***, **, * -shows statistical significance at the 1%, 5%, and 10%. The sample covers period from January 2004 to November 2017. The lag length structure is chosen according to the Schwarz Criterion (SC) while the maximum lag length is set at three lags. We include the linear trend into the equation only if it is statistically significant. Terms in parentheses show standard errors and values in brackets are critical values for the ARDL Bound test. Notes: ***, **, * -shows statistical significance at the 1%, 5%, and 10%. Notes: ***, **, * -shows statistical significance at the 1%, 5%, and 10%. 
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